AbSTRACT
Introduction
Crocus genus is a member of Iridaceae family. the genus Crocus includes about 80 species distributed from southwestern europe, through central europe to turkey and southwestern parts of Asia, as far east as western china. the Crocus genus is known mainly for the precious aromatic and medicinal cultivated species C. sativus (saffron), which is of prime economic importance. there are different opinions about origin of saffron. Vavilov (28) proposed Middle east (Minor Asia, turkestan and iran) as centre of origin of saffron. Whereas recent contributions identified Crete as place where saffron domestication has been started and wild C. cartwrightianus herb. was introduced as the closest wild relative of saffron (9, 10, 19, 33) . however, the botanical origin of saffron is not clear yet (6) .
Retrotransposons (Rtns) are highly abundant and dispersed components of most plant genomes. they replicate by successive transcription, reverse transcription, and insertion of the new 5-10 kb cDnA copies back into the genome, very much like retroviruses (7, 17, 30) . the dispersion, ubiquity, and prevalence of Rtns in plant genomes provide an excellent basis for the development of molecular marker systems (14, 31) .
the structure and replication strategy of ltR-Rtns give them several advantages as markers. they contain long, defined and conserved sequences which can be used for cloning of specific markers and flanking sequences. Secondly, replicationally active members of a Rtn family will produce new insertions in the genome, leading to polymorphism. the new insertions may then be detected and used to temporally order insertion events in a lineage, thereby helping to establish phylogenies (23) .
in angiosperms, the most abundant are long terminal repeat (ltR) Rtns (29) . Rtn insertional polymorphisms can be detected by a variety of PcR-based techniques in which outward-facing primers are designed for conserved domains such as ltRs within the elements (8, 14, 31) . inter retrotransposon amplified polymorphism (IRAP) is a PCR based technique which detects high levels of polymorphism which does not need DnA digestion, ligations or probe hybridization to generate marker data, thus increasing the reliability and robustness of the assay (14) . the ltRs of Rtns contain sequences that are essential for expression (promoter and processing signals) and integration. From the conserved ltR regions, primers were designed to amplify the DnA fragment between the closely dispersed members of a Rtn family (17) . Rtns may integrate in principle in either orientation into the genome, and hence any two members of a Rtn family may have head-to-head, tail-to-tail, or head-to-tail orientations. For the first two states, a single primer suffices to generate PCR products from elements sufficiently close to one another in iRAP method. to amplify intervening genomic DnA for elements in head-to-tail orientation, both 5′ and 3′ ltR primers, must be used which in turn should produce some bands from the other orientations as well (14) .
iRAP technique has recently been exploited to study genetic diversity and phylogeny in the plant genus such as Oryza (3), Pisum (24) , Diospyros (11), Spartina (2), Musa (27) , Citrus (4), and Hordeum (14, 16) . teo et al. (26) tested the transferability of barley-derived Rtn markers in Musa genome and used RTNs for identification, characterization and classification. the analysis of genetic diversity and relationships among different individuals, species or populations is an important topic in genetics and plant breeding. no published reports are available about analysis of genetic diversity and phylogenetic relationships of the exclusive wild species of the genus Crocus in iran. the objectives of the present study were: i) to investigate the possibility of using barley based ltR-Rtns for the analysis of genetic diversity and phylogenetic relationships in Crocus genus and ii) to find the possible closest relatives of cultivated saffron from iranian species of Crocus.
Materials and Methods
Plant materials and DNA extraction: A set of 12 wild and one cultivated Crocus populations including six autumnflowering and two spring-flowering species (totally 127 individuals) were collected according to detailed morphology in Wendelbo and Mathew (32) from different growing habitats of iran ( Table 1 and Fig. 1 ). Samples were collected at flowering time of each species to avoid putative mistakes in sample identification. Until DNA extraction, the samples were maintained at greenhouse. Genomics DnA was extracted from leaves of individual plants according to Saghai-Maroof et al. IRAP analysis: iRAP analysis was performed according to the protocol previously detailed (14, 15) , using ltR primers ( Table 2 ) derived from barley ltRs (14, 16, 18, 26) . PcR was carried out in a 5 µl reaction mixture containing 5 ng genomic DnA, 2.5 µl of "2X taq Master Mix ReD" (Amplicon inc., containing 150 mM tris-hcl ph 8.5, 40 mM (nh 4 ) 2 So 4 , 3 mM Mgcl 2 , 0.2% tween 20, 0.4 mM dntPs, 0.05 U/µl taq DnA polymerase, inert red dye and stabilizer), 1.25 pmol of each primer. Amplification was done using a Bio-Rad thermocycler. The amplification program consisted of 94°c for 4 min; 35 cycles of 94°C for 1 min; specified T a ( Table 3 ) for 1 min and 72°C for 2 min and final extension at 72°c for 7 min. PcR products were visualized through 4% ultra thin (0.2 mm) non-denature polyacrylamide gels, by ethidium bromide staining, using a Gel-Scan 3000 electrophoresis system (a realtime laser scanning electrophoresis system, corbett co.). A 100-3000 bp DnA ladder (Fermentas, #SM0321) was used as a molecular weight standard in each run, at different positions in the gel, for band scoring and designation.
Data analyses: Each amplified fragment was treated as a unit character and scored as a binary code 1 and 0 for presence and absence, respectively, using 1Dscan eX 3.1 software (Scanalytics, inc.). the software was set up to score only sharp and prominent bands. A hierarchical analysis of molecular variance (AMoVA) using a pairwise, individual-byindividual genetic distance matrix according to huff et al. (12) was performed to partition the overall molecular variation into within and between population variances. Associations among the individuals from different populations were assessed by Principle coordinate Analysis (PcoA). the analyses were performed using GenAlex6 software (20) . For all pairs of populations, genetic distance was calculated using Jukes and Cantor (13) , an evolutionary distance coefficient, and phylogenetic tree was constructed based on neighbor-Joining algorithm using MeGA4 software (25) .
Results and Discussion
Retrotransposon polymorphism: Fifteen out of 28 possible ltR primer combinations generated multiple fragments from the genomic DnA of all studied individuals. these primer combinations produced many distinctively amplified fragments ranging in size from 80 to 3000 bp. As the amplified fragments were highly polymorphic among accessions in a species, the number of recordable fragments in a given population of each species varied from 36.8 to 91.5 with an average of 65.9 fragments per population ( Table 4) . the number of fragments produced by primer pairs varied from 6.2 to 22.6. BARE-1, Sukkula and Nikita primers amplified 22.5, 7.8 and 6.8 fragments in average, respectively. Using combinations of BARE-1 and Sukkula, BARE-1 and Nikita, as well as Sukkula and Nikita, 22.6, 7.8 and 6.2 fragments were produced, respectively. no amplified products was obtained with Nikita ltR primer alone. Kalendar et al. (14) reported that high number of amplified fragments revealed by retrotransposon markers could be due to their high copy number in the genome. in our study, BARE-1 and Sukkula Rtns showed higher number of bands compared with Nikita indicating their possible role in genome construction of genus Crocus and their high copy number in this genus.
Among the ltR primers of BARE-1, ltR6149 and 3′ltR primers which were designed based on 3′ side of retrotransposon ltR, could independently amplify several fragments indicating sufficient prevalence of related priming sites (14, 16) . But the three reverse primers designed based on ltR of 5′ side of the Rtn did not amplify any fragment. it may be due to either high homogeny between Crocus genome and barley BARE-1 ltRs in 3′ ltR side compared with the 5′ side or high frequency of end-to-end state of the Rtn insertions than head-to-head orientation in Crocus genome. Sukkula primer in combination with BARE-1 produced larger number of fragments in end-to-end state compared with end-to-head (end of Sukkula to head of BARE-1) position, whereas Nikita primer in the same combinations amplified only few fragments in end-to-end position. These results confirmed the reliability of the first hypothesis and also applicability of barley RTNs for genome analysis in the Genus Crocus.
Genetic relationships among Crocus genotypes: Result of the Principal coordinate Analysis (PcoA) based on the genetic distance matrix is shown in Fig. 2 . The two first principal coordinates explained 50.97% of the total molecular variation indicating relative clustering of insertion sites in some specific regions of the genome. Although, Flavell et al. (7) and Kalendar et al. (14) reported the random distribution of retrotransposons in genome, using IRAP method, PCR amplification occurs only in locations that RTNs are sufficiently near to each other. therefore, it can be considered that in some part of Crocus genome the concentration of Rtn insertion sites is more than other regions. Nikita  LTR6149  3′LTR  LTR6150  5′LTR1  5′LTR2  Sukkula  53  nikita  43  Ø  ltR6149  51  42  47  3′ltR  50  43  43  44  ltR6150  43  Ø  Ø  52  Ø  5′ltR1  50  Ø  Ø  42  Ø  Ø  5′ltR2 45 Ø Ø 43 Ø Ø Ø Fig. 3 . Dendrograms depicting genetic relationships among 13 Crocus populations based on iRAP data using neighbour-Joining algorithm and Jukecantor genetic distance the PcoA revealed a pattern in which the individuals were assigned into seven separate groups (Fig. 2) . in this grouping, individuals from C. sativus, C. almehensis, C. michelosnii, C. cancellatus from Dareh-Shahr and C. cancellatus from ilam were assigned to group i. Group ii consisted of C. sp. and C. haussknechtii (both from ilam). Crocus sp. (from ilam) individuals had morphological characteristics between C. haussknechtii and C. cancellatus, but iRAP results indicates more closeness of this species to C. haussknechtii and less affinity to C. cancellatus. C. haussknechtii from Dashteh-Arzhan and C. haussknechtii from Firouz-Abad, two haussknechtii species from two close geographical regions were constructed the Group iii. Groups iV, V, Vi and Vii contained C. speciosus, C. caspius, C. gilanicus and C. haussknechtii from Dareh-Shahr, respectively. PcoA based on iRAP data could group haussknechtii species based on their geographical origins.
Phylogenetic relationships: cluster analysis using neighborJoining algorithm and Jukes and cantor (13) evolutionary distance coefficient could separate all the species except C. caspius and C. gilanicus which grouped together (Fig. 3) . All the populations of C. haussknechtii along with C. sp. constructed a single group. this indicated that the species from ilam (C. sp.) is probably a hybrid between C. haussknechtii and C. cancellatus. Bagheri and Vesal (1) introduced C. haussknechtii as the closest wild relative of saffron (C. sativus) based on morphological characteristics. however, in our study, based on iRAP data, C. almehensis and C. mickelsonii showed a more closeness to saffron. this result stated the interference of a geographical relationship in originating of these three species.
According to Kalendar et al. (14, 16) more iRAP bands are accompanied with presence of more Rtn insertion sites and subsequently with higher evolutionary position. therefore, species showing more iRAP bands will be more evolutionary improved. in this study, average number of iRAP bands in C. sativus, C. almehensis and C. michelsonii were 64, 36.8 and 47.2 bands per individual, respectively ( Table 4) . this indicates the higher evolutionary grade of C. sativus compared with two other species. the result supports C. almehensis and C. mickelsonii as wild ancestors of saffron. Also there are some species younger than saffron such as C. gilanicus, C. speciosus, and C. haussknechtii.
Analysis of molecular variance (AMoVA) indicated that the within-population heterogeneity (55.5%) was higher than the between-population heterogeneity (44.5%). however, both variance components were statistically significant ( Table 5 ). Table 6 show that within population variance in individual populations ranged from 0.9% (C. sativus) to 5.6% (C. haussknechtii from Dareh-Shahr). low within population variation in saffron (C. sativus) could be due to its asexual propagation. on the other hand, variation of Rtn insertion sites in this species is not related to chromatid segregation and only occurs in somatic form in clones derived from each individual. in other species, gametic recombination aggravates the variation of Rtn insertion sites due to sexual propagation (1, 6, 19) . 
Conclusions
Results of this study confirm the possibility of employing barley (Hordeum vulgare) Rtns for genome analysis in genus Crocus. nevertheless, due to differences between ltR sequences of barley and genus Crocus, cloning and sequencing Crocus Rtns for Rtn-marker based genome analysis will be more accurate and informative. except C. sativus, iranian Crocus genus showed high within and between species diversity. in some cases, genetic variation was high among ecotypes of the same species from different geographical regions. Some data support the possibility of iranian Crocus species as wild ancestors of saffron. our data revealed the medium grade of evolution of saffron compared with other iranian crocuses.
